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INTRODUCTION
The dromedary camel is a potential source of  meat in arid 
and semi-arid areas of  the old world (Kadim, 2013). This 
meat is regarded as good quality product (Kadim et al., 
2011; 2014) especially with high protein value (Raiymbeck 
et al., 2015). Furthermore, the meat demand at world 
level increased in the human population in relationship to 
the growing demography and poverty alleviation. In that 
context, there is an urgent need for valorizing marginal 
species as camel to provide red meat (Maqsood et al., 2015).
Pre-slaughtering factors are affecting significantly meat 
quality. Climatic conditions in the preslaughter period, 
especially those being responsible of  stress for animals could 
be important (Miranda et al., 2009; Marenčić et al., 2012). 
In addition, seasonal variations of  temperature can affect 
the level of  glycogen in muscles after slaughter and their 
ultimate pH, the two parameters describing the meat quality 
(Węglarz, 2010). Excessive excitement, starving or stress 
caused by extreme temperature can increase the glycolysis, 
then lead to high postmortem pH values which could influence 
the meat quality (Abril et al., 2001; Honkavaara et al., 2003).
In this respect, in Algeria, high daily temperatures can 
be registered in summer, while in winter the temperature 
drops low. Such seasonal variability of  the environmental 
conditions during pre-slaughter could act on the meat 
quality.
Extensive studies have been reported about the effect of  
slaughter season on meat quality in different species such 
as rabbit (María et al., 2006), chicken (Bianchi et al., 2007), 
goat (Kadim et al., 2008b), beef  (Węglarz, 2010), lamb 
(Chulayo and Muchenje, 2013; D’Alessandro et al., 2013; 
Sanchez-Sanchez et al., 2013) and pig (Correa et al., 2014). 
However, these aspects were not common for camels. Thus, 
the objective of  the present study was to examine the effect 
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of  seasonal slaughtering conditions on postmortem metabolic 
characteristics of  muscle in the dromedary camel in Algeria.
MATERIALS AND METHODS
Study area
This study was conducted at El Oued municipality 
slaughterhouse in the South East of  Algeria, during the 
period from January 2015 to September 2015. This region 
is characterized by a Saharan desert climate type. Seasons 
are very marked with hot and dry summers where the mean 
temperature reaches 34 °C and cold and slightly humid 
winters where the mean temperature can drop below 17 °C. 
The average annual rainfall varies between 80 and 100 mm 
(period from October to February).
Animals
Thirty clinically healthy male camels (Camelus dromedarius) 
5-7 years old were used in this study. The animals were 
living under similar conditions of  management and diet. 
These camels were fed with some barley concentrate 
and dry straw. The animals were exposed to the same 
preslaughter handling and transportation processes 
(walking for 2 km). The time from farm to slaughterhouse 
was approximately 1 hour.
After arrival in the slaughterhouse, all animals were placed 
in the lairage where they stayed 10 to 12 hours. Ten camels 
were sampled at each season of  the year (winter, spring 
and summer). Animals were slaughtered following routine 
commercial slaughterhouse method according to Halal 
procedure. The average carcass weights were 214.3, 255.0 
and 226.5 kg in winter, spring and summer, respectively. 
Mean values of  slaughter temperature were 16.8, 22.2 and 
33.5 °C in winter, spring and summer, respectively.
Samples collection
Muscle samples were collected immediately post-slaughter 
from longissimus thoracis (LT) of  the left and right carcass 
sides between the 10th and 13th ribs. Samples were placed 
in plastic bags and transported within 60 min after 
slaughtering to the laboratory in an insulated box filled with 
ice. Then, the samples were stored at 4-6 °C for 48 hours.
Meat quality measurements
pH and temperature
The pH of  the longissimus thoracis (LT) muscle was measured 
at 90 min and 48 h (ultimate pH) after slaughter using a 
portable pH meter (Hanna waterproof  pH meter, Model 
Hi 99163, Romania) equipped with a penetrating glass 
electrode and a temperature adjusting probe. Readings 
were recorded in triplicates for each measurement; the pH 
probe and the thermometer were inserted into muscles to 
a similar depth (1.5 cm).
Electrical conductivity
The electrical conductivity (EC) was recorded (in mS/cm) 
at 90 minutes and 48 hours postmortem with an electrical 
conductivity meter Model Hanna EC 215 provided with 
an electrode of  the four rings HI 76303.
Drip loss
The drip loss was determined using the method described 
by Honikel (1998) and Franco et al. (2011). The drip loss 
was recorded on meat samples (LT) of  each carcass camel, 
free of  external fat and connective tissue. At 48 hours after 
slaughter, the samples were hung by a nylon cord in a plastic 
bag, ensuring the meat had no contact with the juice in the 
bag. The drip loss was expressed as percentage of  weight 
loss after 48 hours of  storage at 4 °C in a refrigerated 
chamber, from the time of  muscle deboning. The drip loss 
was calculated using the following formula:
Drip loss % = [(weight before storage - weight after 48 
hours of  storage)/weight before storage] × 100
Cooking loss
The cooking loss was determined by method as described 
by Honikel (1998) with slight modifications reported by 
Kadim et al. (2016). At 48 hours post-slaughter, the samples 
were placed in polyethylene bag and totally immersed in a 
water bath at 70 ºC for 90 min. After cooking, each sample 
was cooled in running tap water for 20 minutes in its 
exuded fluids and then removed and dried with paper towel. 
Cooking loss was determined as the difference in weight 
of  sample before and after cooking, and was expressed as 
a percentage of  the weight before cooking by using the 
following formula:
Cooking loss % = [(weight before cooking - weight after 
cooking)/weight before cooking] × 100
Thawing loss
The thawing loss was determined by method as described 
by El-Rammouz et al. (2004). Fourty-eight hours after 
slaughter, the samples were placed in bag plastic content 
the liquid ethanol refrigerated at 4 °C and placed in freezing 
for 36 hours. The samples were thawed at 4°C for 12 hours. 
The recorded weight differences were expressed as the 
thawing loss using the following formula:
Thawing loss % = [(weight before thawing - weight after 
thawing)/weight before thawing] × 100
Statistical analysis
Data were analyzed using the Statistical Analysis System 
Program SPSS v.16.0. The model applied included the fixed 
effects of  season. Data given in the tables are means ± SD. 
Differences in the mean values of  two seasons (one-one) 
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were tested by using the independent-samples T test or 
Mann-Whitney U test after evaluating normal distribution 
by the Shapiro-Wilk and Kolmogorov-Smirnov tests. 
Also, the differences in the mean values of  three seasons 
were analyzed by one-way analysis of  variance followed 
by ANOVA test. The test of  the correlation of  Pearson-s 
was used to interpret the relationship between the various 
studied parameters. A probability level (p) of  0.05 was 
chosen as the limit for statistical significance in all tests.
RESULTS AND DISCUSSION
Effect of slaughter season on the different parameters
The slaughter season did not significantly affect (p> 0.05) 
the pH and cooking loss results (Table 1). However, the 
slaughter season significantly affected (p< 0.05) electrical 
conductivity, muscle temperature, drip loss, and thawing 
loss. All of  these parameters were significantly (p< 0.05) 
higher in summer than in winter and/or spring (Table 1).
Slaughter season had no significant effect on the results of  
pH measured 90 min and 48 h. This finding conflicts with 
the study by Abdelhadi et al. (2012) on the longissimus thoracis 
muscle of  camels, who reported that season significantly 
affected ultimate pH, with significantly higher values being 
reported in fall than in winter and summer. In contrast, 
Arabi et al. (2013) recorded a significant increase in ultimate 
pH in summer compared with the levels in winter or fall. 
Such seasonal differences were attributed by these authors 
to muscle glycogen stores at the time of  slaughtering.
The overall mean of  ultimate muscle pH (pHu) found 
in this study was in line with the ranges recorded by El-
Khasmi et al. (2010) for the longissimus thoracis muscle of  
camels aged 4–6 years. However, this value was higher than 
that reported by Kadim et al. (2006; 2009a; 2016) in the 
longissimus thoracis muscle of  camels at the same age as those 
in our study. The high pHu observed in the present results 
could have been due to a low level of  muscle glycogen 
stores (Kadim et al., 2006; Abdelhadi et al., 2015). The 
pHu value of  meat is determined by a combination of  
many factors, including preslaughter handling, postmortem 
treatment and muscle physiology (Thompson, 2002).
This study found no significant effect of  slaughter season 
on electrical conductivity measured at 90 min. However, 
the effect of  different slaughter seasons on electrical 
conductivity at 48 h was significant, with this variable being 
lower in winter than in summer. This increase in electrical 
conductivity during the summer may have been due to 
high ambient temperature having a stimulatory effect on 
enzyme activity during postmortem glycolysis.
At high temperatures, muscle cell membrane integrity is 
compromised. Membrane disruption allows the flow of  
intra- and extracellular fluid, resulting in an increase in 
electrical conductivity. Completely intact muscle tissue has 
low electrical conductivity values, which increase with the 
increase of  fluids within the muscle (Byrne et al., 2000). 
Similarly, Chai et al. (2010) reported that the main reason 
for the change in electrical conductivity is the movement 
of  electrolytes between the intra-and extracellular 
compartments.
Very little information is available on the use of  electrical 
conductivity for assessing the quality of  camel meat. In 
contrast, extensive studies have been performed on this 
issue in different types of  meat such as beef  (Byrne et al., 
2000; Banach and Żywica, 2007; Marenčić et al., 2012) 
and pork (Łyczyński et al., 2006; Wasilewski et al., 2008; 
Łyczyński et al., 2009).
Van de Perre et al. (2010) found that season had a significant 
effect on electrical conductivity of  the semimembranosus 
muscle at 24 h postmortem in pig. However, these authors 
reported no significant differences in electrical conductivity 
values of  the gracilis and longissimus dorsi muscles sampled 
in different seasons.
Table 1: The effect of different seasons on postmortem physical properties of longissimus thoracis muscle of camels.
Parameters Season mean, n=10 Overall mean±SD Effect of season 
Winter Spring Summer (p‑value)
pH 90 min 6.9 6.8 6.9 6.9±0.22 0.427
pHu48 h 6.0 5.8 5.8 5.9±0.23 0.110
EC90 min (mS/cm) 3.3 3.4 3.2 3.3±1.11 0.958
ECu48 h (mS/cm) 5.8
a 7.2a 8.9ab 7.3±2.80 0.040
MT90 min(°C) 17.7
a 23.8b 31.0c 24.1±6.31 0.000
MTu48 h (°C) 11.0
a 12.1a 14.5b 12.5±2.52 0.003
Drip loss (%) 3.9a 4.4a 6.0 ab 4.7±2.02 0.044
Cooking loss (%) 30.9 33.6 35.9 33.5±4.78 0.058
Thawing loss (%) 17.8a 18.5a 23.2
b 19.8±4.67 0.013
EC: electrical conductivity, MT: muscle temperature, SD: standard deviation.
Means in the same row are significantly different (p<0.05).
a, b Means with different superscripts within a row are significantly different (p<0.05)
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In contrast, significant effects of  different slaughter seasons 
on muscle temperature at 90 min and 48 h after slaughter 
were observed in our study, with the highest value occurring 
in summer, rather than in winter or spring. The increase 
of  muscle temperature during summer may be attributable 
to exposure to heat stress, which represents a stimulus 
that can increase the rectal temperature of  animals. This 
interpretation was strongly supported by the significant 
positive correlation between the ambient temperature and 
rectal temperature values observed in the current study. To 
our knowledge, no reports have been published about the 
effect of  slaughter season on muscle temperature in camels. 
However, Nagle et al. (2000) indicated that the exposure 
of  broilers to hot conditions before slaughter (30-35 °C 
for 2.5 h) significantly affected their muscle temperature 
at the time of  slaughter.
The rates of  decline in temperature and pH during rigor 
mortis development are probably two of  the most important 
postmortem factors affecting meat quality with respect to 
color, water-holding capacity, and tenderness (Mancini 
and Hunt, 2005; Savell et al., 2005; Thompson et al., 2006; 
Huff-Lonergan and Lonergan, 2007).
In our study, the drip loss was affected by the slaughter 
season, showing greater values in summer than in winter. 
Bianchi et al. (2007) reported a similar trend for chicken; 
specifically, they found higher drip loss in summer than 
in winter. The decrease of  water-holding capacity during 
summer could be attributed to the high muscle temperature 
recorded during this season. This finding was in accordance 
with those of  Wang et al. (2009) in broilers, Kim et al. 
(2012) in cattle, and Warner et al. (2014) in lambs. These 
previous authors reported that high temperature exposure 
induces excessive water loss from muscles. The main cause 
of  this decrease in water-holding capacity could have been a 
decrease in released water, which was presumably caused by 
meat protein denaturation (Huff-Lonergan and Lonergan, 
2005; Visessanguan et al., 2005; Barbut et al., 2008; Bowker 
and Zhuang, 2015).
High muscle temperature at postmortem accelerates glycolytic 
rates and pH decline in muscles, presumably because such 
conditions stimulate enzymatic activity, which induces 
excessive denaturation of  muscle protein and consequently 
a decrease of  water-holding capacity (Maddock et al., 
2005; Bee et al., 2007; Kim et al., 2014). Similarly, many 
authors have suggested that the combination of  high 
temperature and low pH during the onset of  rigor mortis 
significantly affects water-holding capacity due to its effects 
on proteolytic degradation and denaturation of  myofibril 
components (Molette et al., 2003; Alvarado and Sams, 2004; 
Molette et al., 2006).
The overall mean drip loss in the present study was higher 
than that reported by Zahedi et al. (2016) for the longissimus 
thoracis muscle of  camels at similar ages.
The non-significant finding on the effect of  season on 
cooking loss observed in our study matched the finding 
of  Suliman et al. (2014). Similar trends were also reported 
by Chulayo and Muchenje (2013) and Sanchez-Sanchez 
et al. (2013) in lamb. However, this finding conflicted with 
the work of  Suliman et al. (2016), who found that the loss 
of  camel meat while cooking was significantly higher in 
summer than in winter and fall.
The result regarding cooking loss in our study could 
have been due to the more aggressive cooking treatment 
resulting in the release of  both bound and immobilized 
water, which may have minimized the effect of  slaughter 
season. The overall mean of  cooking loss observed in the 
current study was higher than the values reported by Kadim 
et al. (2006; 2009a; 2009b; 2016) for the same muscle at the 
same age. Besides, many factors were previously reported to 
affect the cooking loss of  camel meat, such as age (Kadim 
et al., 2006; 2008c; 2009a; 2016), degree of  marbling and 
moisture content (Kadim et al., 2006; 2008a; 2008c, 2016), 
aging (Kadim et al., 2009a), electrical stimulation (Kadim 
et al., 2009a; 2009b; 2009c), storage time (Suliman et al., 
2014; 2016) and muscle type (Kadim et al., 2013; Zahedi 
et al., 2016).
In the present study, there was a significant increase in 
thawing loss during summer. This might have been due to a 
greater loss of  water-holding capacity of  the muscle protein 
caused by the high temperature of  muscle recorded during 
this season. The increase in thawing loss is explained by water 
loss from the muscle due to muscle protein degradation 
caused by spoilage (Traore et al., 2012). This finding is 
supported by a previous study by Molette et al. (2006), who 
found a significant increase in thawing loss of  muscles stored 
at 40 °C compared with that of  muscles stored at 4 °C.
Relationships between the different parameters
The correlations between all of  the measured variables of  
meat quality reported in Table 2 showed that the pH at 
90 min postmortem had moderate negative correlations, albeit 
without significance (p> 0.05), with cooking loss, thawing 
loss, and muscle temperature (- 0.287 <r< - 0.038) and 
low positive correlations with pHu (r = 0. 299) and drip 
loss (r = 0.141). On the other hand, pHu was positively 
correlated with electrical conductivity at 90 min (r = 0.539; 
p<0.01) and negatively correlated with thawing loss 
(r = - 0.413; p< 0.05).
However, no significant correlation (p> 0.05) was observed 
between the other parameters and muscle pHu. In addition, 
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positive correlation coefficients were found between 
electrical conductivity at 90 min and at 48 h and muscle 
temperature at 48 h on the one hand and drip loss on the 
other (0.433, 0.370, and 0.398 respectively; p< 0.05).
The electrical conductivity at 48 h after slaughter was 
positively and significantly correlated with most other meat 
quality parameters, such as muscle temperature at 90 min 
(r = 0.470; p< 0.01), muscle temperature at 48h (r = 0.569; 
p< 0.01), drip loss (r = 0.563; p< 0.01), cooking loss 
(r = 0.615; p< 0.01), and thawing loss (r = 0.432; p< 0.05). 
In addition, muscle temperature was positively correlated 
with cooking loss and thawing loss; moreover, intermediate 
positive correlations were recorded between cooking loss and 
other measurements of  water-holding capacity such as drip 
loss (r = 0.466; p< 0.01) and thawing loss (r = 0.468; p< 0.01).
In the present study, the correlations between electrical 
conductivity and other meat quality parameters were 
significant when the time after slaughter and maturity 
of  meat increased (Table 2). The significant correlations 
identified between electrical conductivity at 90 min and 
muscle pHu agreed with those reported by Byrne et al. 
(2000) in studies on beef  meat. Similarly, Benaissa et al. 
(2014) reported a significant positive correlation between 
the mean values of  muscle pH and electrical conductivity 
of  the longissimus thoracis muscle at different postmortem times 
in adult dromedary camels. This trend may be attributable 
to the relationship between electrical properties and 
glycolytic rate.
In addition, the relationship recorded between electrical 
conductivity and drip loss was in agreement with that 
reported in cattle (Byrne et al., 2000), pig (Jůzl et al., 
2012), and sheep (Jandasek et al., 2014). The significant 
relationships found between the previous parameters 
may have been due to the relationship between electrical 
properties and water-holding capacity. In fact, the electrical 
conductivity is a result of  various degrees of  damage to the 
cell membrane and the movement of  electrolytes between 
intra-and extracellular compartments during postmortem 
glycolysis (Byrne et al., 2000; Chai et al., 2010).
Muscle temperature was positively correlated with cooking 
and thawing loss. This finding agrees with those of  Kim 
et al. (2014), Strydom and Rosenvold (2014), and Warner 
et al. (2014) who reported that high rigor mortis temperature 
in carcasses has negative effects on water-holding capacity 
and color stability, as well as muscle texture. In conflict with 
our findings, Benaissa et al. (2014) observed a significant 
positive correlation between muscle temperature and water-
holding capacity.
In addition, thawing loss was negatively correlated with 
pHu. A similar finding was also reported by El-Rammouz 
et al. (2004) in poultry meat. Moreover, in studies on beef  
by Abril et al. (2001) and Villarroel et al. (2003) and on 
broilers by Bowker and Zhuang (2015), it was shown that 
meat with a higher pH had greater water-holding capacity 
than that with a low pH. These observations agree with 
those reported by Benaissa et al. (2014) in dromedary camel. 
Indeed, the same authors described a significant positive 
correlation between the average muscle pH at different 
postmortem times and the water-holding capacity of  the 
longissimus thoracis muscle.
Similarly, Huff-Lonergan and Lonergan (2007) reported 
that, as the pH of  meat reaches the isoelectric point, water 
loss increases with drip loss. This occurs because pH has 
an impact on muscle ultrastructure and on the denaturation 
state of  key muscle proteins. Protein solubility is at its 
lowest if  muscle pH is at or near its isoelectric point and 
then reaches a net charge near zero, which is associated with 
the loss of  the ability to attract and bind water.
However, no correlation between pHu and cooking loss 
was found in our study, whereas correlations were recorded 
between cooking loss and other measurements of  water-
holding capacity such as drip loss and thawing loss, which 
indicate moisture loss from the same reservoir, namely, 
free water from the sarcoplasm. Although significant, these 
relationships showed intermediate correlations. It is likely 
that, in our experimental cooking conditions, the effect of  
pHu on cooking loss was attenuated.
Table 2: Relationship between the different studied parameters
pHu48 h EC90 min ECu48 h MT 90 min MTu48 h Drip loss Cooking loss Thawing loss
pH 90 min 0.299 0.066 - 0.238 -0.287 -0.199 0.141 -0.038 -0.169
pHu48 h 0.539** 0.081 -0.270 -0.156 0.082 0.076 -0.413*
EC90 min 0.433* -0.015 0.370* 0.398* 0.076 -0.164
ECu 48 h 0.470** 0.569** 0.563** 0.615** 0.432*
MT90 min 0.690** 0.346 0.413* 0.580**
MTu48 h 0.322 0.324 0.506**
Drip loss 0.466** 0.289
Cooking loss 0.468**
EC: electrical conductivity, MT: muscle temperature, *: p<0.05, **: p<0.01. All Pearson correlation coefficients are significant at p<0.05.
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CONCLUSION
In the camel, slaughter season had a significant effect on 
several postmortem metabolic parameters of  muscle, due to 
its effect on electrical conductivity, muscle temperature, 
drip loss and thawing loss. So, this effect was higher in 
summer than in winter and/or spring seasons. The study 
also indicated that late postmortem electrical conductivity 
was better than muscle pH measurement and it can be 
employed in practice for diagnosis of  camel’s meat quality.
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